Abstract: Rice tungro disease is semi-persistently transmitted by five species of leafhopper. Nephotettix virescens Distant and N. nigropictus Stal. (Homoptera: Cicadellidae) are predominant species in South Sulawesi with vectoring efficiencies of 83 and 27%, respectively. Relative composition of those species affects the RTV incidence in the field. The purpose of the study was to determine the presence and abundance of those species in RTV-endemic and non-RTV-endemic areas in South Sulawesi. The presence of both species at different altitudinal levels was also determined. The results showed that N. virescens was present in both RTV-endemic and non-RTV-endemic areas. In RTV-endemic area, N. virescens was the only species found. Higher number of N. nigropictus existed in non-endemic area with less intensive use of insecticide than in non-endemic area with intensive use of insecticides. Nephotettix virescens was found in the low (< 100 m above sea level) and mid (500-700 m) altitudes but not in the high elevation (> 1000 m). In the high altitude, only N. nigropictus existed. This species was also present in the mid and lower levels in non-RTV-endemic area with lower intensity of insecticide use.
Introduction
Tungro disease caused by Rice Tungro Virus (RTV) is the most devastating viral disease of rice in South and South East Asian countries. During the period of 1969-1983 the disease damaged 168,000 ha of rice in Indonesia; 100,000 ha of which occurred in the Province of South Sulawesi alone during the period of 1972 -1975 (Hibino, 1987 ; and by 1992 the national figure had risen to 243,693 ha (DBPT, 1992) .
Rice tungro virus is transmitted by five species of rice leafhopper, Nephotettix virescens Distant, N. nigropictus Stal., N. malayanus Ishihara et Kawase, N. parvus Ishihara et Kawase and Recilia dorsalis Motschulsky in semi-persistent fashion (Hibino, 1983; Siwi et al., 1987) . Transmission efficiency of tungro virus varies among the vector species. Percentages of active transmitter were 83, 27, 0-16%, about 42% and about 7% in N. virescens, N. nigropictus, R. dorsalis, N. malayanus and N. parvus, respectively (Ling, 1975) .
Nephotettix virescens was the only vector species collected from rice fields in South Sulawesi (Siwi et al., 1987) when RTV epidemics occurred throughout the province. However, Widiarta et al. (2001) reported that N. nigropictus was found dominant on rice in Subdistrict Bantimurung, Maros. Since N. virescens is the most efficient RTV vector, its composition in the field is closely related to the extent of tungro disease (Suzuki et al., 1992) . However, no information is available on the current distribution and composition of both vector species in the province.
For the last 10 years, RTV occurred periodically (every 2-3 years) only in certain areas in South Sulawesi (the Districts of Bantaeng, Pinrang and Sidenreng Rappang); but in most parts of the province, the disease occurs sporadically with limited damage to crops (Pakki and Bastian, 2008) . Bantaeng, Pinrang and Sidenreng Rappang are considered RTV-endemic area and the rest of the province is considered non RTVendemic area. Therefore, the objective of the current study was to elucidate the abundance and the relative composition of N. virescens and N. nigropictus in RTVendemic and non-endemic areas in South Sulawesi. In addition, the presence of both species at different altitudinal levels in the province was also determined.
Materials and Methods

Seasonal Abundance of Leafhoppers
Seasonal abundances of N. viresvens and N. nigropictus were monitored using biweekly sweep net sampling during two consecutive seasons, the rainy planting season (January to April 2012) and dry planting season (June-September 2012). Sampling sites were placed into two categories: (1) RTV-endemic area (Districts of Bantaeng, Pinrang and Sidenreng Rappang) and (2) non-RTV-endemic area (Districts of Maros, Pangkajene Kepulauan, Barru, Gowa, Takalar and Jeneponto) (Pakki and Bastian, 2008) . During the study, in RTV-endemic area, percentages of rice hills samples showing RTV symptoms were 1, 2 and 2% in Districts of Bantaeng, Pinrang and Sidenreng Rappang, respectively. While in non-RTV endemic area, none of the plant samples were infected by RTV (n = 100). The non-RTV-endemic area was further classified into two sub-areas: Sub-area with more intensive use of insecticides (Districts of Maros, Pangkajene Kepulauan and Barru) and area with less intensive use of insecticides (Districts of Gowa, Takalar and Jeneponto) with 4-6 and 0-2 insecticide applications per season, respectively (Fig. 1) .
The sub-areas were based on our survey results on the frequency of insecticide applications in all survey sites (data not shown). Insecticides were used intensively (4-6 applications per season) in all RTV-endemic areas.
In each district, 3 to 4 samples of 20 sweeps each were collected using a 37-cm net hoop with 1.2 m wooden handle. Rainfall patterns are different between the RTV-endemic and non-RTV-endemic areas. In non-RTV-endemic area the rainy season occurs from October to May; whereas in RTV-endemic area, the rainy season occurs from April to July in Sidenreng Rappang and Bantaeng and November to July in Pinrang (Climatology Station, Maros 2013) . The samples were collected from the farmers' rice fields, 5-15 km apart. Sampled fields were situated along the provincial main road, about 100-200 m off the road to avoid the road effects. Leafhoppers collected from each location were placed into a 1-l plastic jar containing a small chloroform-saturated cotton ball to knock the leafhoppers down. The leafhoppers were then brought back to our laboratory for identification, sorting and counting. Because the age and cultivar of rice plant affect the leafhopper population level (Widiarta et al., 1997) , 2-3 weeks old rice cv. Ciherang (the most commonly planted cultivar in the study sites) was chosen for the sampling in all study locations. Leafhopper samples were collected until the onset of panicles. 
Number of Leafhoppers at Different Altitudes
Leafhopper samples were also collected from farmers' rice fields located at different altitudinal levels: Low (< 100), middle (300-600 m) and high (> 1000 m) above the sea level. At each altitudinal level, leafhopper samples of 20 sweeps were collected from five rice fields using a 37-cm sweep net. Leafhoppers collected from each location were placed into a 1-l plastic jar containing a small chloroform-saturated cotton ball then brought back to our lab for identification, sorting and counting. Sampling dates were May 5, June 5 and July 6, 2012.
Data Analysis
Data of the field surveys were transformed using the log10 (x + 1) transformation before being subjected to a one-way ANOVA across the RTV-endemic and non-RTV endemic locations. Means were separated using Tukey's HSD test (BIOSTAT, 2009) . Overall numbers of leafhoppers during the rainy and dry seasons were compared using a T-test at 5% level.
Results
Seasonal Abundance of Nephotettix spp.
Nephotettix virescens was present in both RTV endemic and non-RTV endemic areas during the rainy season (Table 1 ) and dry season (Table 2 ). In the rainy season the number of N. virescens in non endemic area with less intensive use of insecticide was significantly higher (p<0.05) than those in the endemic area and non-endemic area with more intensive use of insecticide (Table 1) .
Similar trend was observed during the dry season but due to the low population level, no significant differences were detected among sampling sites (p>0.05) ( Table 2) .
Overall, the number of N. virescens collected during the rainy season was higher than during the dry season (p<0.05). This species was the only rice leafhopper species found in the endemic area and non-endemic area with more intensive use of insecticide, except in Maros, one individual of N. nigropictus was collected from the field. However, in non-endemic area with less insecticide use both species were found. The percentage of N. virescens varied in different locations, from 9 to 41% with an average of 27% (Fig. 2) .
Nephotettix nigropictus was found in non-endemic area with less use of insecticide and one of the districts in the endemic area (Bantaeng) with negligible population size in the rainy season (Table 3) .
The number of N. nigropictus in non endemic area with less intensive use of insecticide was significantly higher (p<0.05) than those in the endemic area and non endemic area with more intensive use of insecticide. However, during the dry season, N. nigropictus was only present in non-endemic area with less use of insecticide (Table 4 ). There were no significant differences among the sampling sites in the number of N. nigropictus (p>0.05). The number of N. nigropictus collected in the rainy season was higher than in the dry season (p<0.05).
The abundance of these two rice green leafhopper species in all sites increased from January (2-3 weeks after transplanting) and reached their peaks in mid March (6-7 weeks after transplanting) during the rainy season. Similar trend occurred during the dry season with lower population density.
Species Composition of Nephotettix spp. at Different Altitudes
Nephotettix nigropictus was present at all altitudinal levels on each sampling date. At low altitude (< 100 m), the species was only present in non RTV endemic area with less insecticide use. Nephotettix virescens was collected from both low and mid altitudinal levels on all sampling dates with 24 and 60% of the total rice leafhopper population, respectively. At high altitude (> 1,000 m) N. nigropictus was the only rice leafhopper species present during the survey (Fig. 3) . 
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Discussion
Nephotettix virescens was present in both RTV endemic and non-RTV endemic areas in South Sulawesi. Similar results have been reported in Java that N. virescens was dominant in both RTV endemic and nonendemic areas (Supriyadi, 2004) . Overall numbers of both species were higher in the areas with less insecticide use than in the areas with intensive use of insecticides. Two insecticide applications per season could effectively suppress the leafhopper population (Pakki and Bastian, 2008) ; however, in the RTV endemic area farmers apply insecticide up to six times during the planting season to control other insect pests, such as rice stem borer and rice stink bug.
Nephotettix nigropictus was found in non RTVendemic area with less intensive use of insecticides (Table 2) . However, the species was not found in non RTV-endemic area with more insecticide applications. N. nigropictus was also present in RTV endemic area (Bantaeng) with very low population. The results suggested that N. nigropictus is probably more susceptible to insecticide use than N. virescens.
In RTV-endemic and non-RTV-endemic areas with more insecticide use, all leafhoppers caught was N. virescens. Whereas in non-endemic area with less intensive use of insecticide, 40-60% of all green leafhoppers collected was N. nigropictus. N. virescens was the only rice green leafhopper species found in the province (Siwi et al., 1987) ; however, Widiarta et al. (2001) reported that N. nigropictus was dominant in Subdistrict of Bantimurung, District of Maros. Widiarta et al. (2001) further showed that rice cultivars known to be resistant against N. virescens were susceptible to N. nigropictus. Besides that, Siwi and Damayanti (1991) reported that when both species were placed on rice plants in a cage; N. nigropictus was more competitive than N. virescens. Our results showed that N. nigropictus distribution has expanded in the province, especially in the areas where insecticide use was less intensive.
In non RTV-endemic area with less use of insecticide, N. virescens populations were higher but RTV incidence is just sporadic (Pakki and Bastian, 2008) . This is probably caused by the unavailability of inoculum sources in the fields. Rice tungro virus can cause serious damages if the inoculum sources are available in the field even when the vector's population was low (Widiarta, 2004) . Besides that, the number of N. virescens active transmitter in the endemic area was higher than that in the nonendemic area (Supriyadi, 2004) .
Nephotettix virescens was collected from low and mid altitudes but not from high altitude; while N. nigropictus was the only rice green leafhopper species found at high altitude (Fig. 3) . This at least partly explains why RTV in the high elevation is not important in the survey locations. Nephotettix nigropictus is less effective vector species of RTV with efficiency of 27% (Ling, 1975) . At the low level (< 100 m asl) with less use of insecticides and mid-level (300-600 m abs) both species were present but both locations were designated as non RTV-endemic areas.
To the best of our knowledge, this is the first record of the presence of N. nigropictus in low elevations in the Districts of Gowa, Takalar and Jeneponto. Nephotettix virescens was the only rice green leafhopper associated with rice in South Sulawesi (Siwi et al., 1987) . In 2001 N. nigropictus was reported predominant in one subDistrict of Bantimurung (District of Maros, 50-100 m asl) (Widiarta et al., 2001) . However, in the current study N. nigropictus was found with negligible number in the district during the rainy season and none was found during dry season. The expanding geographical distribution of N. nigropictus (less efficient vector) in the province is probably one of the reasons why the RTV is decreasingly important in the region with limited number of locations remaining designated as endemic area.
Our results revealed that N. virescens was predominant in RTV-endemic area, which encompasses only limited area (Districts of Bantaeng, Pinrang and Sidenreng Rappang). One of the recommended control measures of RTV is the rotation of resistant cultivars used against the principal vector, N. virescens. The main constraint of applying the control tactic is the availability of enough seeds of the recommended resistant cultivars for a particular planting season for all rice planting areas in the province, totaling 889,232 ha (BPS, 2011) . The study results suggested that the amount of resistant seeds needed could be substantially reduced by focusing its use only on those endemic areas. Widiarta et al. (2001) reported that cultivar resistance against N. virescens is controlled by different genes from those against N. nigropictus. Therefore, it is necessary to identify cultivars with resistant genes against N. nigropictus and such cultivars could be recommended for the non RTV-endemic area where N. nigropictus is present and dominant.
Conclusion
Two species of rice green leafhopper were found in the study sites, N. virescens and N. nigropictus. Both species were more abundant during the rainy season than the dry season. Nephotettix virescens was found in both RTV-endemic and non RTV-endemic areas, while, N. nigropictus was found in non RTV-endemic area only. Nephotettix virescens was found in low and mid elevations where insecticides were used intensively and less intensively. Nephotettix nigropictus, however, was found in all elevations. In low altitude, it was found only in the areas where insecticides were used less intensively. To the best of our knowledge, this is the first record of the presence of N. nigropictus in low elevations in the Districts of Gowa, Takalar and Jeneponto.
